[1] In SW Colombia picritic pillow lavas and tuffs, as well as breccias composed of picritic clasts, occur interspersed with basalts of the Central Cordillera and represent accreted portions of the $90 Ma Colombian/Caribbean oceanic plateau (CCOP). We present new geochemical data for these picrites and high-MgO basalts from SW Colombia, along with new data from Deep Sea Drilling Project Leg 15 drill sites. The 40 Ar/ 39 Ar ages for the CCOP in the Central Colombian Cordillera range from 87 to 93 Ma. Both SW Colombia picrites and Leg 15 basalts are compositionally diverse and range from reasonably enriched ((La/Nd) n > 1 and (e Nd ) i < +4.1) to relatively depleted ((La/Nd) n < 1 and (e Nd ) i > +8.0). Nb/Y and Zr/Y systematics suggest that the depleted component is not depleted MORB mantle, but is an intrinsic part of the plume. The bulk of the CCOP compositions can be explained by mixing between this depleted mantle and a HIMU component. However, radiogenic isotope systematics indicate the presence of an EM2 (or possibly EM1) component within the plume. Mantle melt modeling suggests that the enriched magma types are the product of deeper, small degree melting of a pervasively heterogeneous plume comprising a refractory matrix with enriched streaks/blobs, whereas shallower, more extensive melting, results in the formation of relatively depleted magmas.
Introduction
[2] Our knowledge of oceanic plateaus comes mainly from three Cretaceous age plateaus: the Ontong Java plateau in the western Pacific [e.g., Mahoney et al., 1993] , the Kerguelen plateau in the Indian Ocean [Weis et al., 1989; Frey et al., 2000] and the Caribbean-Colombian plateau [Donnelly et al., 1990; Kerr et al., 1996a Kerr et al., , 1996b Kerr et al., , 1997a Kerr et al., , 1997b . With the exception of small obducted fragments the former two plateaus have only been sampled in a few Ocean Drilling Program (ODP) drill holes. In the Ontong Java, compositional variability is quite limited [Mahoney et al., 1993] . However, Kerguelen plateau is compositionally diverse, and recent drilling results [Frey et al., 2000] have confirmed suggestions that part of the plateau is underlain by ancient continental lithosphere. In contrast, the Caribbean-Colombian oceanic plateau is well exposed around the margins of the Caribbean and in accreted fragments in NW South America [Kerr et al., 1997a [Kerr et al., , 1997b . It is not underlain by any known continental lithospheric fragments, yet has been shown to locally display significant compositional diversity [Kerr et al., 1996a [Kerr et al., , 1997a Hauff et al., 2000a Hauff et al., , 2000b .
[3] In this paper we present new elemental, isotopic (Sr, Nd, and Pb), and 40 Ar/ 39 Ar age data for compositionally heterogeneous picrites and basalts from the Central Cordillera of Colombia. Additionally, we report new trace element data from basalts drilled during Deep Sea Drilling Project (DSDP) Leg 15. All these samples extend both the geochemical range and the geographical extent of heterogeneity displayed by the plateau lavas [Kerr et al., 1996a [Kerr et al., , 1996b Sinton et al., 1998 ]. We will demonstrate that this heterogeneity is not localized but seems to be ubiquitous throughout the whole province, usually where high-MgO lavas occur. We will explore the nature, possible origin, and partial melting of these plume source components.
Caribbean-Colombian Oceanic Plateau (CCOP)
[4] Recent geochemical work has shown that the vast majority of accreted oceanic material in western Colombia are fragments of mantle plume-derived, obducted oceanic plateau [Millward et al., 1984; Kerr et al., 1997a Kerr et al., , 1997b Sinton et al., 1998 ]. Remnants of the same plateau also comprise most of the Caribbean plate and are exposed around its margins [Donnelly et al., 1990; Kerr et al., 1996b Kerr et al., , 1997b Sinton et al., 1998; Lapierre et al., 2000] . Additionally, the submerged portion of the plateau was sampled during drilling by DSDP/ODP Legs 15 and 163 in the Caribbean Sea [Donnelly et al., 1973; Sinton et al., 2000] .
[5] The CCOP consists of material of at least two, and possibly three, broadly different ages: an Aptian age (124 -112 Ma) phase [Lapierre et al., 2000] , a 91-83 Ma phase (the most voluminous) and a 78-72 Ma phase. Thus in addition to there being a major phase of oceanic plateau formation in the Cretaceous western Pacific [cf. Mahoney et al., 1993; Neal et al., 1997] , there was also a significant phase of oceanic plateau construction in the eastern Pacific, of which the CCOP is the residual part. Accretion of this former Pacific plateau against the continental margin of South America, and insertion into the Caribbean region, has locally exposed the lower crustal layers of the plateau [Nivia, 1996; Kerr et al., 1997b Kerr et al., , 1998 ].
[6] High-MgO lavas are found at intervals throughout the CCOP [Kerr et al., 1996a [Kerr et al., , 1996b Alvarado et al., 1997; Hauff et al., 2000b] , including the komatiites of Gorgona Island, Colombia [Kerr et al., 1996a; Arndt et al., 1997] . This paper focuses on some of the less well characterized occurrences of picrite and high-MgO basalt in south west Colombia, which are geochemically distinct from most of the high-MgO lavas in the rest of the province.
Geologic Setting and Age of Colombian High-MgO Lavas
[7] All of the high-MgO lavas (>12 wt %) are found in small ophiolitic associations in southwestern Colombia along the major terrane boundary of the Romeral fault zone [Spadea et al., 1989] (Figure 1) . In Colombia the accreted plateau material is exposed in three approximately N-S trending belts: the Serranía de Baudó, the Western Cordillera, and the Central Cordillera. The picrites and high-MgO basalts of the Romeral fault zone lie within the Central Cordillera and the eastern part of the Western Cordillera (Figure 1) .
[ [Kerr et al., 1997a; Sinton et al., 1998 ]. Prior to this study the only constraint on the age of the igneous rocks of the Central Cordillera was the arc-related Buga batholith that intrudes the plateau sequence of the Central Cordillera. K-Ar dating of this batholith gives an age range of 114 -69 Ma, which has also yielded a Rb-Sr isochron age of 99 ± 4 Ma [McCourt et al., 1984] . On the basis of these ages from the Buga batholith, McCourt et al. [1984] proposed that the basalts and picrites of the Central Cordillera were significantly older than 100 Ma. However, we have been able to obtain reliable Ar-Ar step-heating plateau ages (with atmospheric 40 Ar/
36
Ar intercepts) for two high-MgO lavas from the Central Cordillera of SW Colombia. Sample COL 354, a picritic glass from Rio Boloblanco, gave a plateau age of 93.21 ± 3.60 Ma (2 SD), whereas sample COL 436 from El Encenillo gave a whole rock plateau age of 88.95 ± 3.27 Ma (2 SD). (See Figures A1 and   A2, available as electronic supporting data,  1 for plateau and  isochron diagrams.) [9] On the basis of the 99 Ma crosscutting batholith age and slightly different chemical signatures, Kerr et al. [1997a] speculated that the igneous rocks of the Central Cordillera may have been of Aptian age . However, the 93-89 Ma ages obtained for the high-MgO lavas of the Central Cordillera place doubt on the validity of the Rb-Sr age for the Buga batholith, and there is a pressing need to resolve the age relationship between the lavas and the Buga batholith.
Field Relations
[10] The rocks of the Central Cordillera are less well exposed and generally more altered than those of the Western Cordillera and the Serranía de Baudó. The main sequence of basaltic igneous rocks in the Central Cordillera is known as the Amaime Formation and consists of imbricated slices of basalts teconically interlayered with clastic metasediments [Kerr et al., 1997a] . Just south of the Amaime Formation, smaller exposures of ultramafic/mafic oceanic crustal material crop out along the Romeral fault zone ( Figure 1 ) and are briefly detailed below. Full descriptions are available from Spadea et al. [1989] .
[11] The El Penol-El Tambo ophiolitic succession (Figure 1 ) consists of a thrust zone of basalts, gabbros, dolerites, and plagiogranites, with minor picrites. The high-MgO rocks from El Encenillo consist of tuff breccias or agglomerates interlayered within a sequence of basaltic and picritic breccias, basaltic pillow lavas and hyaloclastites, which are intruded by basaltic dikes. Several picritic pillow lavas outcrop at one locality in the Rio Boloblanco valley (Figure 1) .
[12] The Los Azules complex (Figure 1 ) is 30 km long Â $5 km wide and is composed of mafic/ultramafic plutonic rocks and high-MgO pillow lavas, intruded by basaltic dikes. The ophiolitic rocks of the La Tetilla complex outcrop discontinuously over an area of 50 km 2 , NW of Popayán (Figure 1) , and are composed of massive basalt flows, dolerites, breccias, isotropic gabbros, and cumulus wehrlite, all intruded by dolerite dikes. The La Vetica area, SSW of Cali (Figure 1 ), comprises volcanogenic siltstone, sandstone, and microbreccia, with interlayered pillow lavas.
Alteration and Petrography
[13] The extrusive high-MgO rocks of the Central Cordillera display variable degrees of alteration and metamorphism, from prehnite-pumpellyite to greenschist facies assemblages. Kerr et al. [1997a] have shown that the most mobile elements in CCOP lavas from Colombia were Na, K, Rb, Ba, and Sr, whereas the high field strength elements were relatively immobile. The related picrites and highMgO basalts of the present study display similar trends in elemental mobility.
[14] The petrography and mineral chemistry of the samples are detailed by Spadea et al. [1989] . Briefly, olivine textures in the picrites and high-MgO basalts of the Central Cordillera vary from microspinifex phenocrysts to coarse (up to 5 mm), hollow olivine phenocrysts which range in composition from Fo 87 -89 (Rio Boloblanco) to Fo 88 -91 (Los Azules) [Spadea et al., 1989] . These zoned olivine phenocrysts would have been in equilibrium with a magma containing 14-18 wt % MgO. Furthermore, calculations using the liquid Ni content (after the method of Korenaga and Kelemen [2000] ) also suggest that the MgO content of the primary mantle melt was close to 15 wt %. Thus samples with >18-20 wt % MgO (Table 1 and Figure 2 ) contain accumulated olivine. Assuming an olivine composition of Fo 90 , our calculations suggest that the picrites with 20 -30 wt % MgO contain 20 -45 vol % accumulated olivine (Figure 2c ).
Geochemistry

Analytical Procedures
[15] Major and trace elements (Tables 1, A1 , and A2) were analyzed by X-ray fluorescence at Leicester University using conventional techniques (see Kerr et al. [1997a] for further details). Rare earth elements (Tables 1, A1 , and A2) were analyzed by Inductively Coupled Plasma-Atomic Emission Spectroscopy at Royal Holloway [see Walsh et al., 1981] . (Tables A1 and A2 are available as electronic supporting data.)
[16] Sr, Pb, and Nd isotopes ( Todt et al. [1993] . All samples were acid-leached prior to dissolution. See Kempton [1995] and Royse et al. [1998] for further analytical details.
[17] Age determinations were performed at Oregon State University using standard 40 Ar/ 39 Ar incremental heating techniques [Duncan and Hargraves, 1990; Duncan and Hogan, 1994] . Neutron flux during irradiation was monitored by FCT-3 biotite (27.7 Ma [Hurfurd and Hammerschmidt, 1985] ). Plateau ages were calculated from consecutive steps that are concordant within 2s error using the procedure described by Dalrymple et al. [1988] , in which step ages were weighted by the inverse of their variance. See Sinton et al. [1998] for further details.
Colombian Basalts and Picrites 2.2.1. Major and trace elements
[18] The lavas of the southern Central Cordillera of Colombia range in composition from basalts to picrites, some of which contain over 30 wt % MgO ( Figure 2 ). As will be shown below, four groups can be identified using trace element ratios; however, these four groups are not readily apparent from an inspection of Al 2 O 3 , CaO and alkali contents (Table 1 and 
Radiogenic isotopes
[21] The enriched and depleted groups identified on the basis of their trace element contents and ratios also possess characteristic radiogenic isotope ratios (Figures 5 and 6 ). On Figures 5c and 5d, plots of (e Nd ) i against (La/Nd) n and (Sm/ Yb) n (where i = 90 Ma) show that LREE-enriched samples from El Encenillo have (e Nd ) i values of +3.6 to +4.1, whereas samples with chondritic and depleted LREE patterns have (e Nd ) i > 6.0 (Figure 5c ). Figure 5c also reveals that two samples from Los Azules (COL 547 and COL 472) are more enriched in the LREE than samples with similar (e Nd ) i , such that they plot off the main sample trend. It is noteworthy that on Figure 5d the samples from Los Azules plot at higher (Sm/Yb) n values than other CCOP lavas.
[ (Figure 6 ), in that the one El 
Comparison With Data From DSDP Leg 15
[24] Table A2 and Figures 2, 5, and 6 present new elemental data from basalts drilled during DSDP Leg 15 in the Caribbean Seafloor and this complements other recently published data [Sinton et al., 1998; Hauff et al., 2000a] . The samples from DSDP Site 151 possess elevated levels of incompatible trace elements that are similar to those from El Encenillo and other more-enriched CCOP samples (Figure 3 ). All other lavas from Leg 15 are LREE depleted. Incompatible trace element ratios ((La/Nd) n and Nb/Y; Figure 3 ) can be used to divide the these depleted samples into two groups, one consisting of lavas from Sites 146, 150, and 153 and a second more depleted group from Site 152.
[25] This threefold subdivision is also evident from the limited number of isotopic analyses available (Table A2 and Figures 5c, 5d, and 6a [Hauff et al., 2000a] ). The more enriched (Site 151) sample has an (e Nd ) i of +5.1, whereas the most depleted Site 152 sample possesses an (e Nd ) i value of +9.4. The sample from Site 146, which in terms of trace elements lies between Sites 151 and 152, also possesses Nd and Sr isotopic characteristics which are intermediate between the samples from Sites 151 and 152 (Figure 6a ). It should be noted that the basalts drilled at Site 152 are significantly younger (Campanian; 73-84 Ma) than those from the other drill sites [Sinton et al., 1998 [Sinton et al., , 2000 .
Comparisons With Other CCOP Sections
[26] The most notable feature of the picrites and basalts from this region of SW Colombia is the wide compositional range displayed by the radiogenic isotopes and trace elements, in comparison with most of the rest of the CCOP of a similar age (93 -86 Ma) (Figures 5 -7) . This is particularly well demonstrated by (e Nd ) i values, with most of the CCOP basalts, particularly from Colombia, Curaçao [Kerr et al., 1996b] , and Nicoya, Costa Rica Hauff et al., 1997 Hauff et al., , 2000b , possessing a relatively restricted range of (e Nd ) i from +6 to +8.5, along with flat, to slightly enriched, chondrite-normalized REE patterns (Figures 5c  and 6) . Most of the less depleted Los Azules, La Tetilla, and La Vetica samples fall within this range. [27] The high-MgO El Encenillo rocks, with (e Nd ) i ranging from +3.6 to +4.1, are the most enriched samples so far analyzed from the CCOP. The El Encenillo picrites contrast markedly with the much more depleted Gorgona komatiites and picrites, which possess much higher (e Nd ) i (> +9.0). Alvarado et al. [1997] and Hauff et al. [2000b] have reported similarly enriched picrites ((e Nd ) i + 4.2 to +5.4), from Tortugal in Costa Rica, which Alvarado et al. [1997] proposed were a part of the CCOP. However, the absence of similarly enriched lavas in the rest of the CCOP led Hauff et al. [2000b] to suggest that the Tortugal picrites might be a part of the continental Chortis Block. Given the occurrence of obviously oceanic picrites with a very similar elemental and isotopic composition at El Encenillo, we would contend that the Tortugal picrites are indeed a part of the CCOP, as originally proposed by Alvarado et al. [1997] .
Mantle Melting and Sources
[28] Before any assessment of mantle melting and sources can be made, it is necessary to eliminate or reduce the effects of postmelt generation processes, such as fractional crystallization and accumulation of crystals. Modeling of fractional crystallization in the Western and Central Cordillera basalts reveals that from 15 to 9 wt % MgO, olivine and minor Cr-spinel are the only crystallizing phases [Kerr et al., 1997a] . Thus all of the samples from SW Colombia lie on an olivine (fractionation or accumulation) control line, so calculations involving the addition or removal of olivine from parental magmas (of predetermined MgO content) can be used to estimate the concentration of an incompatible element or oxide in the parental magma. The MgO value we have chosen for the parental magma(s) is 15 wt %, and we have calculated the Zr content of each sample at this MgO value. Zr was chosen for this calculation because of its relative immobility and the wide spread of values it displays in the picrites.
[29] The result of this calculation (Zr 15 ) is shown on Figure 7 relative to Nb/Y, (Sm/Yb) n , and (La/Nd) n , i.e., ratios of incompatible trace elements unaffected by the addition or removal of olivine. These ratios were used because each has the potential to reveal something different about either the chemistry or mineralogy of the source region. (La/Nd) n ratios tell us if the source region is LREE-depleted or -enriched, whereas Nb/Y and (Sm/Yb) n will signify whether garnet was present in the source region. All three of these incompatible element ratios can provide information on the extent of melting, as can the Zr 15 values.
[30] Figure 7 also shows the results of our pooled fractional mantle melting calculations, and the findings are summarized in Table 3 . We have used sources ranging from depleted mantle to more enriched (primitive) mantle and from garnet lherzolite through a 50:50 spinel-garnet lherzolite mix to a spinel lherzolite; the degree of melting varies Kerr et al. [1997a] and Hauff et al. [2000a] ). Data for Gorgona e-basalts and depleted Gorgona basalts, komatiites and picrites are taken from Aitken and Echeverría [1984] ; Kerr et al., [1996a] ; Arndt et al. [1997] and A. C. Kerr et al. (unpublished data, 1995) . ECV from 0.5 to 30%. Partition coefficients, mantle mineral proportions, and source compositions used in the modeling are taken from McKenzie and O'Nions [1991] . The modeled melt compositions plotted on Figure 7 represent melting at discrete depths within the plume; no attempt has been made to pool melts from various depths in the mantle. The El Encenillo rocks (type 1; Figure 3 ), despite possessing (Sm/ Yb) n > 1 and Nb/Y > 0.8, appear not to be derived from a pure garnet lherzolite source region (>90 km in a hot mantle plume [Watson and McKenzie, 1991] ). Rather, the source region of these magmas comprised mostly spinel lherzolite with smaller amounts of garnet lherzolite (Figure 7c and Table 3 ); it was enriched relative to depleted MORB-source mantle and under went <5% melting to form the El Encenillo magmas (Figures 7a and 7b) .
[31] Samples with (La/Nd) n > 0.1, (Sm/Yb) n = 2-3 and Nb/Y = 0.4 -0.8 (type 2; Figure 3 ) must also contain some garnet in their mantle source region (Figure 7c and Table 3 ). The compositions of some of these rocks (with Zr 15 = 58-80, (La/Nd) n = 1.15 -1.80, and Nb/Y = 0.50-0.65) cannot be modeled by simple melting of any of the source materials (Figures 7a and 7b ) but can be explained by mixing between very small degree (<3%) melts of a garnet lherzolite source region and larger degree melts (>20%) of a shallower source region. Thus this type appears to represent the products of mixing within a mantle melt column.
[32] The rocks which contain (La/Nd) n = 0.9-1.4, (Sm/ Yb) n = 1.5-2.0, and Nb/Y = 0.1-0.4 (type 3; Figure 3 ) require a more depleted source region than types 1 and 2, and this is borne out by the higher (eNd) i and the lower (La/ Nd) n of these samples (Figure 7b ). The mantle source region also contains more spinel (Figures 7b and 7c and Table 3) ; it was therefore shallower and underwent a greater degree of melting (15 -20%) than types 1 and 2.
[33] The most depleted rocks, i.e., samples from Los Azules and Sites 146, 150, 151, and 153 (type 4; Figure  3 ) with (La/Nd) n = 0.9-1.4, (Sm/Yb) n = 1.5-2.0, and Nb/Y = 0.1 -0.4, are best modeled by a LREE-depleted source region (Figure 7a ) containing only a small proportion of garnet lherzolite (Figures 7a, 7b , and 7c and Table 3 ). The extent of melting is also relatively high at 15-20%. Figure 6 . Radiogenic isotope plots for the basalts and picrites from SW Colombia. Data sources are as in Figure 5 , in addition to Dupré and Echeverría [1984] and Walker et al. [1991] (Pb isotopes on Gorgona samples) and Hauff et al. [1997; 2000a , 2000b and Sinton et al. [1997] (data from the Nicoya, Tortugal and Leg 15). Mantle end-member compositions are from [Hart, 1988] .
[34] Thus the four magma types identified in this study represent progressively more extensive melting at shallower depths. One can envisage a streaky plume with a more depleted and refractory matrix that makes up >95% of the plume but which contains more enriched and fusible streaks or blobs [cf. Kerr et al., 1995; Arndt et al., 1997] . Deeper, and so less extensive, melting would preferentially sample the more enriched streaks (El Encenillo; Type 1). Further ascent, along with the concomitant decompression of this source region, would result in more extensive melting. The enriched component would therefore become diluted as the depleted component contributes a greater proportion to the melt. Alternatively, the mantle which ascends to shallower depths may be intrinsically more depleted, having had most of its enriched components extracted at depth. Mixing of the deep enriched melts with the shallower more extensive melts in the melt column could produce the type 2 magmas. The shallowest melting (type 4) occurs in those parts of the plume which have already had largely all of the enriched components extracted from them. The overall depleted signature of the samples with <0.9 (La/Nd) n , combined with the moderate degrees of melting required, favors this model as opposed to one in which the enriched component is present in the source but its signature is swamped by extensive melting of the depleted matrix.
Mantle Plume Heterogeneity
[35] It has been known for some time that different mantle plumes can possess different chemical and isotopic signatures: EM1, EM2, HIMU, etc. [cf. Hart, 1988; Weaver, 1991] . However, in addition to this interplume chemical variation, there can also be a significant intraplume heterogeneity [Hémond et al., 1993; White et al., 1993; Kerr et al., 1995] . Furthermore, there has been an increasing realization that mantle plumes, once regarded as being derived from a long-term enriched source [cf. Hart, 1988] , can possess significant long-term depleted component(s) chemically distinct from depleted mid-ocean ridge basalt (MORB) mantle (DMM) [e.g., Thirlwall et al., 1994; Kerr et al., 1995; Arndt et al., 1997; Fitton et al., 1997; Nowell et al., 1998; Kempton et al., 2000] .
[36] In relation to the picrites and high-MgO basalts from SW Colombia, it is first of all important to ascertain if all the lavas (and, in particular, the more depleted ones) have indeed been derived from a mantle plume. A plot of log Nb/Y against log Zr/Y (devised by Fitton et al. [1997] ) has thus far shown itself to be a robust discriminant between basalts derived from a DMM source region and those derived from both enriched and depleted plume source regions. On Figure 8 all plume-derived lavas from Iceland plot between two ''tramlines.' ' Kerr et al. [1997a] have previously shown that oceanic plateau basalts from Colombia and from the Ontong Java Plateau also plot within these tramlines. With the exception of one sample plotting above the tramlines, all of the new data for the picrites and basalts from SW Colombia fall within the tramlines and are thus interpreted as being derived from a mantle plume source region (Figure 8 ). It is worth noting that even the more depleted Los Azules group samples ((La/Nd) n < 1; (e Nd ) i > +8.5) are not apparently derived from a DMM source region, even though they are depleted relative to bulk earth Figure 6a ). Thus all of the heterogeneity observed in the picrites and high-MgO basalts from SW Colombia appears to be derived from the mantle plume source region. This lends further weight to proposals which have suggested that mantle plume source regions are markedly heterogeneous [Hémond et al., 1993; Thirlwall et al., 1994; Kerr et al., 1995; Kempton et al., 2000] .
[37] Hauff et al.
[2000a] also recognized two end-members within the plume responsible for the CCOP, a HIMUlike component and a more depleted, DMM-like source, which was suggested to be either recycled lower oceanic crust or MORB source mantle. However, as we have seen from trace element considerations (Figure 8 ), this source cannot be MORB source mantle and must be similar to the depleted Icelandic mantle of Fitton et al. [1997] and Kempton et al. [2000] . Following the reasoning of Kerr et al. [1995] , this source is probably derived from recycled oceanic lithosphere (unlike HIMU, which is believed to be derived from relatively more enriched recycled oceanic crust [Hofmann and White, 1982; Phipps Morgan and Morgan, 1999] ). Depleted oceanic lithosphere as a potential source of (recycled) material was not discussed by Hofmann and White [1982] , who suggested that oceanic lithosphere separated from the oceanic crust during subduction and was mixed back into the upper mantle.
[38] As noted above, in addition to this depleted plume component, and the HIMU-like component, the lowest (e Nd ) i values thus far recorded in the CCOP: +3 to +4 in the picrites from El Encenillo and +4 to +5 in the Tortugal picrites, Costa Rica [Hauff et al., 2000b] Pb/ 204 Pb = 15.60 to 15.65, and (e Nd ) i = +3 to À1 and is strongly suggestive of an EM2 (or possibly an EM1) component in the plume. The source of EM2 has been ascribed to subducted terrigenous sediment [Hart, 1988; Weaver, 1991] .
[39] The lower (e Nd ) i of the Site 151 basalts and some of the Gorgona e-basalts provide evidence that this component was probably widespread throughout the plume head. The close spatial association of lavas with depleted and enriched signatures in the CCOP gives us some idea of the length scale of plume heterogeneity. The El Encenillo and Los Azules lavas are <50 km apart, suggesting that the heterogeneity within the plume is present on a scale of tens of kilometers. Locally, however, it appears that the heterogeneity exists at much shorter length scales (<10 km) within the plume head, since the enriched and depleted lavas from Gorgona occur within a kilometer of each other.
Conclusions
[40] The picrites and picritic basalts of SW Colombia have been derived from a mantle plume and are part of the CCOP. Fractionation and accumulation of olivine have been the main magmatic processes and account for the wide range in MgO contents. We calculate that the parental magmas contained between 14 and 18 wt % MgO. [41] CCOP rocks from the Central Cordillera of Colombia have yielded 40 Ar/ 39 Ar step-heating ages of 93-89 Ma, and so the lavas are similar in age to those of the Western Cordillera of Colombia. The high-MgO rocks of the Central Cordillera and the basalts from DSDP Leg 15 display a considerable degree of heterogeneity, both in terms of trace element and isotopic ratios, which enable them to be subdivided into four different magma types.
[42] Modeling of the mantle melting process suggests that the plume can be envisaged as comprising fusible enriched streaks set in a more depleted and refractory matrix. Deep and therefore small-degree (<3%) melting, mostly within the stability field of garnet lherzolite, preferentially samples the most fusible components, producing the most enriched lavas ((La/Nd) n >1 (e Nd ) i +3 to +4). Shallower and more extensive melting (10 -20%), which occurs after the enriched component has been largely removed at depth, will produce the more depleted magma types. Modeling shows that the trace element compositions of some of the lavas from the Central Cordillera have been produced by mixing within a melt column between trace element-enriched, small-degree melts from deep in the mantle and more depleted, larger degree melts from shallower depths.
[43] Although many of the lavas from the study possess evidence of derivation from a time-integrated depleted source region, Nb/Y and Zr/Y systematics reveal that this source region is not DMM but is rather a depleted source region intrinsic to the plume. 
